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INTRODUCTION 
Research and development in the defense industries often leads 
to striking advances which in some cases later become useful in non-
military areas. One such example may be the use of the infrared line 
scanner as a tool for big game censusing. The infrared line scanner 
is an airborne instrument which makes "photographs" using infrared 
radiation emitted by objects on the ground, instead of reflected 
sunlight. 
Only a decade ago this new infrared device was developed by 
the military (Cannon et , 1953)- It has proven useful in many 
fields, such as agriculture, hydrology, oceanography, geology, etc. 
Already scientists using infrared line scanners can detect water 
pollution, distinguish between deciduous and coniferous forests and 
map thermal areas (Zanon, 1964). Natural terrain can be mapped by 
infrared scanners very accurately» The differences between ice pack 
and snow pack can likewise be detected (Parker et al., 1965). The 
U.S. Fish and Wildlife Service and the U.S. Coast Guard are cooperating 
in a program to determine the precise temperature of water surfaces 
(Weiss, 1962; Udall, I965). The object is to predict the effect of 
seasonal changes and/or long term cycles in ocean temperatures on 
important fish stocks. In geology, mapping of Yellowstone National 
Park has permitted the identification of new hydrothermal features 
in unexplored areas of the park (McLerran et 1964). Diseased 
farm crops can be determined from healthy crops by detecting small 
differences in their radiation properties. Diseased tree stands can 
-2-
likewise be discovered and species differentiated (Colwell et al., 
1964). 
Some people think the infrared line scanner has great potential 
for wildlife management, for determining numbers of hunters afield, 
providing a land map, pinpointing areas that could be developed for 
wildlife and for big game census (Zanon, 1964). 
In recent years- there has been some big game census work using 
infrared line scanners, but it has been quite limited. A study to 
detect moose using an infrared line scanner took place on Isle Royale, 
Michigan, in February, 1964 (Garvin et al», 1964). The study was not 
actually made to census the moose but rather was a preliminary in­
vestigation into the feasibility of detecting the moose. The best 
results were obtained when the altitude of the airborne scanner was 
200 to 250 feet and the animals were in the open. Moose which were 
in the dense deciduous forest areas were not easily detected and 
identified on infrared imagery (Garvin et a%., 1964). Detection of 
moose with the infrared line scanner, by day, the only time tested, 
was easier than conventional aerial census methods. 
Generally, available work published to date concerning infra­
red detection of animals has consisted of either positive or negative 
detections by infrared line scanners (Colwell, 1964; Garvin et al,, 
1964 and Zanon, 1964), No preliminary work to determine why an animal 
could be seen on infrared imagery has yet been published. 
The present study attempted to describe radiometrically the 
animal and its background, since imagery depends upon the contrast 
between these. 
Basically the objectives of this study were to: 
1. Measure infrared radiation emitted by various animals (the 
bison, deer, and antelope) and typical objects in the background envi­
ronment at hourly intervals over a 2̂ -hour period during the winter 
months. 
2. Determine the most likely meteorological conditions and 
times of the day for most successful infrared detection of the various 
animals. 
3. Define the variables affecting the use of infrared line 
scanners in detection of big game species, 
k. Consider the practicability, in general, of using infrared 
scanners to census big game considering both animal behavior, the 
radiometric results of the study, and the capabilities of the scanner. 
Review of Literature 
Current Aerial Censusing Techniques 
It is important to a wildlife manager to know the numbers of 
animals in an area, and many techniques for censusing big game have 
been used (Mosby, 1963)-. Often, the census techniques are time con­
suming, costly and ineffective, and no census techniques to date has 
been absolutely accurate. 
Aerial censusing has been a useful management tool. Aircraft 
have been used in censusing game animals since 1931, when the Royal 
Canadian Air Force conducted a census of bison in the Wood Buffalo 
National Park (Banfield et al., 1955). By the use of aircraft, a 
large area can be censused in a relatively short time and the game 
are seen without alarming them. Managers use this periodic census 
method along with ground counts and hunter harvest to estimate popu­
lation levels. 
There are many conditions and factors which affect the census 
results when the aerial method is used. Among these are; (l) the 
type of plane, (2) the experience of pilot and observer, (3) eye 
fatigue, (4) terrain and cover, (5) snow cover, (6) weather, (?) 
light, and (8) behavior of the animal. 
Despite conditions which affect the counts, this method of 
censusing has provided reasonable trends of game populations, espe­
cially those found in the open. 
Aerial photography has been used since the late 19^0's and 
early 1950's, primarily for waterfowl and fisheries studies (Kinghorn, 
19^9> Day, I95O; Chattin, 1952; and Eicher, 1953). The disadvantages 
of using aerial photographs often stem from the lack of experience in 
censusing with photography (Kinghorn, 1949), and failure to encounter 
the clear weather conditions required (Leedy, 1953)» Often it is im­
portant to get species composition, as in the case of waterfowl and 
this is usually impossible to determine frcan photographs (Chattin, 
1952). On the other hand, aerial photographs provide a permanent 
record, free of vagaries of human memory and error. The degree of 
accuracy of the photograph is far greater than subjective estimates. 
Aerial photography for complete big game censusing is seldom 
used. The primary reasons for this are camouflage of the game which 
inhabit the timber, and the vast habitat of the game with few con­
centration areas. If the game animals were consistently concentrated 
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in the open, as are salmon and ducks, then conventional aerial photo­
graphs should be more useful. In practice, aerial photos are taken o 
large herds of big game, while the remaining game is counted visually 
from the airplane. 
The Infrared Scanner 
The electronic infrared line scanner is a recording instrument 
which produces infrared imagery. The scanner is generally mounted in 
an aircraft. Emitted and reflected radiation from the environment 
passes through the atmosphere to the scanner. This radiation is 
sampled by a revolving flat mirror and focused by a parabolic mirror 
onto a solid state detector. The resulting output of the detector 
then passes to the signal processing electronics where the output is 
amplified and used to modulate the output of a cathode ray tube. The 
visible light display from the cathode ray tube is focused onto a 
moving strip of film where it is recorded. The TV line scan on the 
cathode ray tube sweeps perpendicular to the moving film motion to 
represent the scanning by the parobolic mirror perpendicular to the 
flight path. The intensity of the cathode ray beam varies with dif­
ferences in radiation from the ground target. The resulting imagery 
is in line strips across the film, which resembles a conventional 
aerial photograph, but the tones represent the infrared intensity. I 
the absence of reflected radiation these variations in tone result 
from differences in the product of emissivity and surface temperature 
(Straiton et al., 1958 and Parker et al., I962). The warmer objects 
will have a lighter tone than the cooler objects. 
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For positive detection of a target, the difference between the 
target signal and the signal from the highest background temperature 
must exceed the differences in background fluctuations by some numerical 
factor larger than one (Holter et al., 1962), Measurements of radiation 
fluctuations corresponding to differences of + 0.01°C are possible with 
sensitive scanners (Parker et a2., 1965)» The altitude of the plane is 
important, for it will determine in part the instantaneous area covered 
in each scan and thus the amount of radiation available to the scanner 
relative to variations in the background. So if the surface area of 
the target is small and accompanied by little relative radiation, it 
may of course not be detectable. The relative temperature and area of 
the target will determine the maximum altitude at which detection can 
be expected for any given system. 
If some screen, such as the foliage of a tree, lies between the 
target and the scanner, the detection of target radiation will be 
interfered with. 
Fundamental Definitions and Concepts of Infrared Technology 
Infrared radiation is electromagnetic radiation generally con­
sidered to lie between visible radiation (light) and microwave radia­
tion. This type of radiation is commonly referred to as "heat waves." 
All objects at temperatures above absolute zero emit infrared radiation 
by virtue of their atomic and molecular oscillation (Parker et al., 
1965)0 In general, the total amount of emitted radiation increases 
with the body's absolute temperature. This loss of heat by an object 
by infrared radiation is expressed by the Stefan-Boltzmann law: 
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R = f crT̂  
where 
R = the total energy radiated in watts per meter̂  
( = the emissivity coefficient 
T = the absolute temperature of the object in degrees Kelvin 
(T = the Stefan-Boltzmann constant ($.67 x 10'®) 
This law can also be expressed as the following: 
Hr = ArEaEgGrfTŝ " -
where 
Hj. = heat loss by radiation 
Ap = proportion of surface A which radiates 
Eĝ  = emissivity of the object or animal 
Eg = emissivity of the environment 
(y = Stefan-Boltzmann constant 
Tg = temperature of the exposed surface 
= mean radiant temperature of the environment (Blaxter, 1962). 
Some surfaces have a better demonstrated efficiency of heat 
emission termed emissivity which is reflected in the above equations. 
An object with a perfect, 100 percent efficient radiation surface will 
have an emissivity of 1,00 and is commonly called a "blackbody. " Most 
emissivity coefficients for terrain range from .70 to 1.00. The only 
big game animal which has a known emissivity is the caribou (Rangifer 
arcticus). Hammel (1956) measured this arctic species and found it to 
have an emissivity like that of a blackbody, 1.00, in the far infrared. 
Some objects, being less efficient radiators, will radiate less 
infrared than others at the same temperature. Thus, using the 
Stefan-BoItzmann law, an object with an emissivity of .7 will radiate 
only TO percent as much infrared radiation as an object with an 
emissivity of 1.00 at the same conditions. If an instrument (radi­
ometer) which has been calibrated using a standard blackbody source 
(Leslie Cube), is used to measure surface temperatures of objects by 
measuring the amount of infrared radiation emitted, it will give the 
correct surface temperature only if the object has an emissivity of 
1.00, Thus the surface temperature measured in this way is really 
only an effective temperature. In a similar way surface temperatures 
thus measured are effective temperatures as opposed to true thermal 
temperature when the spectrum of the source varies from that of a 
blackbody or is not known. Therefore, whenever the radiation prop­
erties of the source vary from a blackbody source an effective 
radiometric temperature concept m*ji8t be used (Nichols, 1958). Through­
out this paper, temperature measurements using the radiometer will be 
called effective radiometric temperatures (BRT) to express this ex­
plicit variation. 
The amount of infrared radiation radiating through the atmosphere 
to an airborne infrared scanner will depend upon the following factors; 
(l) wind, ( 2 )  heat capacity, {3) thermal conductivity, 
(4) surface to volume ratios, (5) moisture content and 
the evaporation processes, (6) sky cover and its effect 
on radiation exchange, {'̂ ) topography and solar history, 
(8) elevation differences and the thermoclines, (9) 
metabolism of plants and animals, and (lO) dew fall and 
precipitation (Morgan, 1962)0 
Thus meteorological conditions are important elements for effec­
tive detection by an airborne infrared scanner. 
Infrared Radiation Characteristics of Animals 
Animals dissipate heat in two ways. The first way is termed 
sensible heat loss and consists of convection, conduction, and radia­
tion. The second method of heat loss is vaporization of water from 
the respiratory passages and skin. The sensible heat loss is the mair 
concern of this study. For example, it has been found that a cow has 
T5 percent sensible heat loss with 60 percent of this loss contributed 
by radiation (Dukes, 1955)» 
An animal can control the sensible heat loss from its body by 
changing the effective insulation between the body and the environ­
ment, The animal by means of its pilomotor nerves will erect its 
hair and moist warm air entrapped among the hair will provide effec­
tive protection against heat loss. However, this is not a completely 
effective protection against heat loss by radiation, Arctic species 
exhibit behaviorisms which prevent excessive loss of infrared heat. 
Musk oxen and reindeer, which travel in groups, and sometimes packs 
of dogs, will exhale a layer of moisture over themselves which acts 
as a cloud preventing excessive infrared radiation loss. Smaller 
animals will seek cover under a bush to prevent infrared heat loss. 
Clouds and vegetation act as shields from heat losses. The clear sky, 
therefore, is a very effective infrared radiation sink which the 
animals instinctively avoid during cold weather (Haramel, 1956), 
Due to radiation under a clear sky an object may become colder 
than the surrounding air temperature (Geiger, 1957)- This phenomenon 
will be referred to as infrared radiation cooling effect. 
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The surface temperature of an animal will vary as the environ­
mental temperatures and conditions change» For example, the tempera­
tures of a calf under controlled laboratory conditions showed the 
following variations (Blaxter, I962), 
Environmental Temperatures (°C) 
35'̂  20° 5° 
Body (rectum) 39.8 39.2 39.5 
Skin surface of 
Tail 37.1 31.5 11.4 
Foot 36.3 29.0 10.1 
Skin 37.3 32.8 10.8 
Thigh 37.6 33.1 27.4 
Wither. 37.7 34.8 29.1 
Chest 38.0 36.5 31.2 
Ears 38.5 27.5 7.0 
According to the laws of Newton and Stefan-Boltzmami, the 
relative heat loss of an animal increases as the body surface becomes 
larger in proportion to volume„ The surface of an animal is not 
constant for the same species and is not easily measured (Brody, 
19̂ 5)» Thus the total radiation emitted from the surface of each 
member of a species can be expected to vary. 
The Use of Infrared Scanner in Wildlife Management 
The Willow Run Laboratories at Ann Arbor, Michigan have con­
ducted much of the research with remote sensors. In their three-
volume series entitled Peaceful Uses of Earth-Observation Spacecraft, 
a section of the first two volumes contains speculation on ecpnomic 
benefits of Infrared scanners in spacecraft for censusing big game. 
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The third volume emphasizes the research needed to determine require­
ments for the infrared detection of wildlife. 
Cain (1966), favored more study of uses of remote sensors for 
ecology and wildlife so that knowledge of the biosystem could be ex­
panded and management of wildlife and habitat could be improved. He 
noted that more data concerning animals is needed; the present methods 
are not sufficient. He ftirther pleaded for more uses of remote sensors 
for ecological reasons, noting that present methods in establishing 
animal population sizes such as human observation from airplanes, and 
to a lesser extent, the use of photography, were inadequate. The use 
of infrared scanners in open country such as grassland emd tundra 
could give much valuable information pertaining to habitat character­
istics, and effects of man's activities in relation to animals (Anon., 
1966), Cain mentions that a preliminary study by the Willow Run 
Laboratories advocates the nocturnal study of animal herds. He sup­
ports this idea by saying that many species came into the open during 
darkness to feed and drink, alleviating in part the problem of pene­
tration of cover by infrared scanners. Dense canopy cover can prevent 
infreured detection of animals. Cain (1966) concludes that the most 
feasible uses of infrared scanners for wildlife management are probablj 
for detection of caribou herds on the tundra, seals in the water and 
on ice, and game herds in the grasslands of Africa and Australia. 
However, these early observations and conclusions did not close 
the door on the possibilities of further work in infrared animal 
census. 
Big Game Animals and Their Physical Characteristics Relative to 
Infrared Censusing 
Animal Behavior 
The behavior of an animal will influence whether it is to be 
detected and censusei. Animals which are gregarious and travel in 
herds will be easier to locate than solitary individuals. Information 
on the seasonal habitat which an animal frequents is often a valuable 
guide for visual censusing. 
The antelope lives on the open prairies in grass and/or sage­
brush areas on the rolling plains, deserts, and tablelands (Palmer, 
1954). In the o'.JiEmer they can be found in scattered herds, whereas in 
the winter they band togetner in great herds on fairly well-defined 
wintering grounds (Einarsen, 1948). 
The deer, white-tailed and mule, inhabit the forested and brushy 
areas in mountains, foothills, and creek bottoms. In the winter they 
congregate at lower elevations in the sheltered valleys. Winter is a 
better time to census because of their tendency to yard. 
The bison are also found in small herds roaming on the prairies 
and woodlands. However, during the summer the bulls are not found 
within the herds. The herds may stay in a limited area for a long 
time or move often and for considerable distances (Palmer, 195̂ ). 
Since antelope, deer, and bison congregate during the winter, 
most of the game i:i a particular area could be found in one location 
for effective countirg. Also, Browman and Hudson (1957) and Bailey 
(1958) noted that penned and wild mule deer, respectively, had a common 
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pattern of feeding in the mornings and evenings. Daring midday, the 
mule deer would rest and naninate. 
The relations of this to detection "by infrared scanning is im 
portant in considering when and where to census big game. 
Animal Morphology 
Each of the genera studied in this project — Bison. Odocoile 
Antilocapra — represent a different family. Thus, characteristics 
such as pelage and body size differ. Both influence radiation. 
Furthermore, the body size will determine, in part, the maximum alti 
tude of an aerial scanner plane. 
The bison belongs to the Bovidae. The bison's hair, body siz 
and conformation are definitely different from those of deer or 
antelope. 
The bison has a definite anterior hump. The hair on the biso 
hump is coarse and curled in a high mat while the rump of the bison 
straight hair lying flat against the body. 
In the present study the hump hair averaged 9» 5 cm. in length 
and the rump hair 2.3 cm. Both rump and hump hair are dark brown, 
dorsal area of the bison measures approximately $4 inches by l6 inch 
The deer is a representative of the Cervidae. It is a relati 
small game animal when compared to the bison. The deer has straigpA 
soft, glossy tawny gray hair (Taylor, 196I and Linsdale and Tomich, 
1953)» The hair length is approximately 5 cm. on the back. The ap­
proximate size of the back was found to be 32 inches by 11 inches. 
The antelope belongs to the Antilocapridae. The antelope has 
a pithy hair which contains large air cells (Einarsen, 19^). This 
hair is coarser them that of the deer, euad has a large diameter near 
the root from which it tapers to a sharp point at the end (Caton, 
1877)= There is a fine underfor which is sparse. The pelage has a 
definite angle which protects against heat and cold (Einarsen, 1948). 
The dorsal hair length was measured in the present study and found to 
he k cm. It is approximately the same size as the deer with a dorsal 
surface lengths of 30 inches "by 11 inches. 
While the hair texture and length are physically different 
between the deer, antelope, and bison, the pelage within a species 
can also vary due to old age, nutritional status, and the season (Lyne 
and Short, I965). It is known that the most stable pelage of cattle 
occurs during the winter since during this period the hair follicles 
are in a resting stage (Lyne and Short, I965). It therefore seemed 
reasonable to assume that the pelage of the deer, bison, and antelc^e 
did not change during the two winter months of study. According to 
Caton (1877) the hair on all species of Cervidae and Antilocapridae 
continue to increase in length and diameter till January by which time 
they attain maximum hair lengths. When the diameter of the hair in 
the Cervidae become large the hairs are forced up to a vertical posi­
tion (Caton, 1877)0 Also with an enlarged hair diameter the cavities 
within increase and became filled with a light pith which causes the 
hair to became brittle» 
Blaxter and Wainman (1964) have pointed out that cattle's ex­
ternal insulation increased significantly with hair length. This 
relationship of pelage length to heat losses, taken in conjunction 
with the observation that as the body size decreases the relative 
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heat loss increases (Brody, 19^5), would suggest that smaller «nimais 
need the winter protection of longer hair. 
Study Area 
The National Bison Range was selected as the study area because 
of its proximity to the University of Montana and also the presences 
of relatively tame big game animals. It is located approximately 50 
miles north of Missoula, Montana, in the Flathead Valley. It consists 
of 18,5^0 acres and is administered by the United States Fish and 
Wildlife Service» The range was established in 1909 for the preserva­
tion of the American bison (Bison bison). Today many other species oj 
wildlife occur here including the mule deer (Odocoileus hemionus 
hemionus), white-tailed deer (Odocoileus virginianus) and pronghom 
antelope (Antilocapra americana). 
The National Bison Range has mild winters, and snow does not 
accumulate to any great depth at the lower elevations during the cold 
months. Table 1 presents air temperatures at the National Bison 
Range during this study from February till April, 1967. 
The National Bison Range protects a number of tame mammals In­
cluding one female bison, two female pronghom antelopes, one male 
antelope (which was unfortunately killed by domestic dogs during the 
study), one male white-tailed deeij and one male mule deer. These game 
species were used on the study because they were relatively tame and 
could be approached without signs of fear. 
All of the study was confined to a small open area around the 
National Bison Range headquarters. 
— lé" 
Procedures 
Measuring Effective Radiometric Temperatures (ERT) Using a Radiometer 
The Stoil-Hardy HL4 Radiometer was the instrument used to measure 
the effective radiometric temperature for this study. It was housed in 
a wooden case which was carried in the field by a canvas covering with 
shoulder straps and was suitable for outdoor field work. The radiometer 
consisted of an infrared sensing cone head, a reference ambient tempera­
ture block, an amplifier, meter, range selector circuit, and a power 
supply. Since the radiometric data was collected in the winter, the 
original thermometer had to be replaced with a thermometer with a lower 
range. Figure 1 shows the Stoll-Hardy HL4 Radiometer. 
Figure 1. Stoll-Hardy HL4 Radiometer 
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In the radiometer sensing head are two thermistors which are 
exposed to incoming radiation. These are termed the active sensing 
elements. There are two other thermistors in the sensing head which 
are shaded from incoming infrared radiation. These are termed the 
passive elements. An electrical circuit measures the temperature dif­
ference between the active and passive elements. The temperature of 
the passive elements is assumed to be the temperature recorded by the 
thermometer in the ambient temperature block. This temperature differ­
ence is recorded on a meter. The ERT of the target is therefore the 
meter reading added to or subtracted from the thermometer reading of 
the ambient block. The sensing cone angle of the entrance to the 
sensing head is 20 degrees. A silver sulfide polystyrene filter 
covered the sensing head the entire study. It filtered all the radia­
tion wavelengths less than three microns (Ward, I966). The effective 
radiometric temperatures could be measured to an accuracy of ± 0.1°C, 
although this accuracy probably was not met. 
Since the radiometer is a sensitive and delicate instrument it 
has to be adjusted periodically. Due to nonlinear it ies, the instrument 
does not record the correct temperatures, so a Leslie Cube Is used to 
calibrate the readings of the radiometer. Knowing the relationship 
between the ten̂ eratures of the radiometer and the temperatures of the 
Leslie Cube, a calibration curve was made for the period of time it 
was in use. Each reading was then corrected to give the actual ERT, 
Periodically during the field work, the radiometer was checked with 
the Leslie Cube to determine if the sensitivity had changed, (Further 
explanation of the procedure to correct EBT is in the Appendix,) 
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Research Procedure 
Experimental data were measured and recorded In the field on a 
form shown in Figure 2. The data included air temperature, relative 
humidity, wind, percentage of cloud cover, snow cover, haze, light and 
miscellaneous comments. A hygrothermograph vas used at the study site 
to record the air temperature and humidity ccmtlnuously. The wind speed 
was recorded each hour during a run with a hand-held Dwyer wind meter. 
The clouds were quantified by the percent of the sky covered and a 
precipitation gauge was used to measure amounts of rain and snow î esent. 
A research assistant recorded these and the radiation measuraaents during 
each run. 
Table 1 shows maximum and minimum air temperatures and amounts 
of precipitation for the Bison Range for the study period. 
The two species of deer (̂ ite-talled and mule) were measured 
interchangeably and assumed to be similar. Usually both species were 
not available at any one time so only one was measured. The antelope 
were measured interchangeably also; but the smaller antelope was 
measured only when the large female antelope was not present. 
antelope and deer roamed freely around the headquarters area. The 
bison was confined in a corral a fifth of a mile from the headquarters 
building. 
The objects which were considered as representative of a typical 
background and measured for ERT at standard sample points were the 
following; 
1. Roadway: a gravelled road with a small amount of asphalt 
as a base. 
Figure 2« Data form. 
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2. Grass at stake: a representative marked area by the "bison 
corral including dry grass and duff was measured. The principle grass 
was Poa sp. measuring 12 to l6 inches high, but was bent to form a 
loose mat approximately 6 inches high. 
3. White juniper (Junlperus scopulorum) foliage and trunk: a 
small clump of foliage oh the tree about 5«5 feet above the ground was 
measured, as was the trunk at the same level. 
4. Rock; a relatively small flat topped rock of argillite, 
approximately 12 inches by 6 inches provided the rock data. 
5. Log: a 7 inch diameter juniper log 10 inches off the ground 
was measured. A coating of preservative was on this log. 
6. Lawn: this was an area of planted grass found around the 
Bison Range headquarters. The grass was a Poa species and measured 
about 3 inches high. Measurements were made on the far east edge of 
the lawn on level ground. 
In gathering the EFT measurements the sensing head of the 
radiometer was held about 2k inches from the object. At this range 
the 20 degree entxance cone viewed an area on the object with a diameter 
of 9 inches. In the case of the 7 inch diameter juniper log the 
sensing head was held less than a foot from its surface. Subsequent 
ERT readings from the animals were often slightly inconsistent because 
the animal would move, thereby exposing different surfaces to each 
radiometric reading <, 
The ERT of the subjects were measured from February, 1967, to 
the middle of March, 1967, in seven different time periods of approx­
imately 2h hours each. A total of 133 hours of data were collected. 
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The readings began on a quarter to the hour and it took approximately 
30 minutes to complete a series. 
It would have been ideal to have all ERT measurements simulta­
neous but this was impossible» However, the measurements were taken 
accurately and swiftly as possible within 30 minutes. The order for 
measurement was : bison (hump and rump), grass at stake, roadway, 
tree foliage, tree trunk, rock, log, grass on lawn, vertical, antelope, 
and lastly the deer. Although the measurements were not taken simul­
taneously the ERP readings were recorded as though they were all made 
at the hour (Mountain Standard Time) of the run. 
Each object in the background such as rock, tree, log, roadway, 
grasses, was measured three times every hour while the animal's ERT 
was measured five times each hour. The bison was divided into two 
regions for measuring purposes, the rump and the hump. In the analy­
sis of the bison temperature, the body was proportioned. It was 
assumed that 60 percent of the vertical body area was hump or front 
region and 40 percent of the body was the rurp or hind region. 
For each object in the background and each animal a mean was 
then calculated. The mean from the grass, the lawn, the log, the 
tree foliage, the tree trunk, and the rock were also averaged together 
so as to obtain an overall mean for the background. The ERT was 
plotted for each animal and background objects over the time periods 
(Figures 6 through I3). 
It was important to consider the maximum average temperature 
from the background objects because the maximum background radiation 
might be confused with a target animal. On the graphs the maximum 
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mean and minimum mean are drawn to show their deviation from the 
average.- If the background was snow, no maximum or minimum mean was 
drawn for there was less than a degree variation. In these graphs the 
animals mean EPT is presented so that differences between background 
and animal can be seen. 
The standard deviation was calculated for each animal's ERT. 
The standard error of the mean was also calculated and the confidence 
limits were determined for each EED at each hour. To distinguish the 
maximum EET background from the minimum ERT animal temperature, a 
probability level of 95 percent was assumed. To distinguish between 
species of animals a 70 percent probability level was assumed. Table 
2 shows the results of the comparison between the animals. 
Meteorological data which were recorded along with the hourly 
EET measurements are found in Tables 3 through 9« It was hoped that 
the relationship of meteorological conditions and the EBT measurements 
would aid in forecasting the time and conditions for the best animal 
target contrast. 
Results 
Animal ERI- Curves 
During this study, data were collected during seven 24-hour 
periods spaced generally a week apart. Each of these measurement 
periods were then compiled onto one graph for each animal (Figures 3 
through 5)» The lines represent the average ERT for each hour of each 
day. Of course each day had its own characteristic wind speed, air 
temperature, etc. which Influenced the results. In addition, a 
general difference between the ERT of daylight and dark was evident. 
-23-
For the bison (Figure 3) the average EET are high (from 6°C to 
28°C) and erratic during the daylight hours (from sunrise at approx­
imately 0800 to sunset at approximately 1700)<. During the dark the 
EET measurements became more uniform with a range from 0°C to 10°C. 
The bison EET reading was lower during the night than during the day, 
especially if there was snow on his back or if the sky was clear. 
The antelope 's average EST are presented in Figure 4-. The 
antelope during the daylight had a high erratic average EST, It was 
lower and more consistent at night. The antelope had the widest range 
of EBT; it varied from a high of 39«̂ °C (March ̂  at I500) to a low of 
-12.8°C (March 6 at 2300), This was the lowest animal EET recorded. 
During the sunlight hours, the EET measurements for the deer 
ranged from (March 11 at 0800) to 39«4°C (March k at 1000), and 
during the nî t the range was -10,9°C (March 6 at 2400) to 10,2°C 
(February 2 at 0400), 
Mean ERT Curves of Animals and Background 
The radiometric measurements of animals and background are 
presented in Figures 6 through 13» These show the mean EET plotted 
as a function of time by dates. Generally the entire day (24 hours) 
of measurement for each period is presented, 
February 2nd and 3rd (Figure 6) the study period was cloudy. 
No EET measurements were made between I9OO and 2000 since there was a 
short light rain. However, the measuring process resumed at 2100 when 
the animals and objects were dry. The humidity then averaged 65 per­
cent, The air temperature varied between 4»0°C at 2300 to 7,5°C at 
1000 during this study period. The wind was light (O miles to 8 miles 
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per hour) and variable. There was no snow cover these two days, the 
only precipitation being the light rain, which was not measureable» 
The animal's EET was consistently higher than the background environ­
mental objects during the nighttime hours (1700 to 08OO). Occasionally 
during the daytime, despite the fact that the sun was continually 
behind clouds, some background ERT exceeded the animal ERT (see I300). 
A cloudy nî t such as it was February 2nd and may be a good time 
to census with an infrared scanner since the animal's ERT was con­
tinually higher than that of the background. 
On February lit h and 12th measurements (Figure T) were made 
under generally cloudy conditions although during some windy periods 
between 0400 and O8OO the cloud cover became intermittent. The wind 
speed varied from 0 miles per hour at 1700 to 2200 to periods of 
relatively gusty wind, especially at O7OO when the wind meter recorded 
gusts up to 20 miles per hour. There was no precipitation during this 
period and no snow cover. The air temperature ranged from 1„0°C at 
0400 to 7o5°C at 1000 while the relative humidity ranged from 43 per­
cent at 1000 to 88 percent at 23OO. Most of the night hours (15OO to 
0600) had high relative humidity (over 65 percent), due to the lowering 
of the air temperature at sundown. At 0400 there is a very conspicuous 
drop in ERT for all objects and animals. At O5OO and O3OO there was 
heavy cloud eover (100 percent) but at 0400 the cloud cover was reduced 
to half (50 percent)o This nighttime exposure of clear sky caused a 
decrease in ERT and is an example of infrared radiation cooling, since 
the air temperature was 1°G and the ERT of the animals and grass was 
below this temperature. Also, during periods of high wind the ERT of 
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the animals was affected (note O6OO and OJOO) and at 23OO the animals*s 
ERT dropped noticeably under the influence of wind (5 to 9 miles per 
hour)» Wind and cload cover are influences which may lower the ERT of 
the animals tc ~he EHr of environmental background objects and thus 
make it impossible to distinguish between them. 
The February l3th and 19th period represents, in part, the type 
of day which would not be good for the use of infrared scanners 
(Figure 8)» The period of 1100 to 23OO presents an example of the 
effects of variable cloud conditions. When it is partly cloudy and 
windy during the measurement periods, the objects or animal being 
measured will have a wide range of EHT readings (high when the sun is 
out, low when the sua is behind a cloud), thus lowering the reliability 
of a detection prediction. Prom 2400 to 0200 no measurements were 
made. During the early morning hours of O3OO to OJOO the animal's 
hair frosted̂ , lowering EET measurements, despite the fact that O3OO 
to 0500 and 0700 were 100 percent cloud cover periods. The clear sky 
around midnight presumably promoted frost on the backs of the animals. 
The air temperature during this study period ranged from -3°0°C at 
2200 and 0*̂ 00 to at 1300, 1400, and I6OO. Ehe relative humidity 
varied greatly from 35 percent at 1100 to 90 percent at 2300. The 
wind was variable. From 1100 to 1700 there was the most wind with 
readings from 2 to 9 "siiles per hour. ' This study period does not ap­
pear to present a good sample condition for the use of the infrared 
scanners since there were too many times when radiation from the 
animals was less than that of objects in the background. 
The February 25th and 26th (Figure 9) were hazy from 1100 to 
2400 and clear from 0400 to 1000. There was no snow on the ground 
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and a very short light, rain fell at I6OO which was not sufficient to 
be recorded at the Bison Range weather station. Frost occurred in the 
clear morning hours I'Ô OO to 0700) and the air temperature varied from 
7°C at 1000 to at 0700 and O8OO. The wind was sporadic but 
generally quite light (less than 5 miles per hour). The relative 
humidity remained high most of the day, ranging from 99 percent from 
0600 to 0800 to a low of 38 percent at 1000. Figure 9 shows a definite 
drop in all ERT measurements from the cloudy-haze period (2400) to the 
clear period (0400). Frost- on the back of the antelope appeared at 
2100 and was correlated with a lowering of air temperature and the 
clear sky. Such conditions would not be favorable for censusing with 
an infrared scanner since the grass and roadway ERT were higher than 
the antelope's ERT<, Hazy or cloudy conditions caused most background 
objects to have ERT measurements similar to the animals. 
On March 4th and 5th (Figure 10), there were patches of snow 
about one-half inch in depth. The snow was In areas which were shaded 
most of the day* For the most part, the area was snow free. The 
animals and background measurements were always in snow-free areas. 
Measurements of the snow were included only to observe the differences 
in ERT between a thin snow background and a snow-free background. As 
can be observed in Figure 10, snow is nearly always the coldest part 
of the background. The day was partly cloudy from 1100 to I5OO but 
the rest of the period was clear. The wind blew only around I5OO to 
1700 at a rate of 1 to 6 miles per hour. The relative humidity was 
low (36 percent to 48 percent from 1100 to I900), During the rest of 
the time (2000 to lOOO) the relative humidity was quite high (80 
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percent to 99 percent)» The air temperature was above freezing from 
1100 to 1900 {at 2°C to 6°c), but from 2000 to O9OO the air tempera­
ture ranged from -2°C to -8°C at O6OO and 0700. Under these conditions 
with no snow background, the animal's ERT measurement cannot be dis­
tinguished from the background during the daytime since at this time 
the log, tree, lawn, and roadway had higher ERT measurements than did 
the animals » There was a heavy frost from 2100 through O7OO. Objects 
on wnich frost was not detected were roadway, trunk of tree, and rock» 
It appears that frost might indicate conditions which would prevent 
distinguishing between these big game animals and their backgrounds» 
Mar eh 6th and 7th was a short measurement period (Figure 11 ) 
and represented the first measurements made with a snow background* 
It began at 2100 with a clear sky. However, from O6OO to 1000 the 
sky was cloudy although not hazy. During this period there was one-
half inch of fresh fluffy snow on the ground. There was no snow on 
the animals cr the roadway. To compare snow areas to snow free areas, 
snow was removed from part of the grass, log, rock, and tree foliage. 
During the clear period, the snow was generally the coldest part of 
the backgrourid. However, when the sky became cloudy, the log became 
the coldest object in the background. Objects in the background which 
had ssow removed from them had higher ERT measurements than the 
animals, which demonstrates the insulation properties of snow. The 
air temperature was quite cold, with readings from at 1000 to 
-11.8*̂ 0 at O5OÛ, The relative humidity ranged from $6 percent at 
2100 to 99 percent at 0500. Wind only blew at 2100, at a rate of 2 
to 5 miles per hour. Cloudy or clear skies during the night appear 
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to be good conditions for detecting these big game species with an 
infrared scanner, particularly if there is a backgroiond of snow. All 
the animals ERT were significantly above the snow background ERr = 
However, it seems probable that an exposed log might be confused with 
an animal under these conditions, since they both have similar ERT. 
The March litn and 12th period represented by Figure 12 was 
characterized by a cloudy sky. The ground was covered with 6 to T 
inches of snow, and snow fell periodically. The air temperature varied 
from Ô C at I5OO to -8.T°C at 0700 and the relative humidity remained 
high (over 60 percent I for the entire study period. The wind blew 
from 2200 and continaed to OJOO with the speed ranging from 1 to 4 
miles per hour. This variation had no apparent effect on the ERT 
measurements. Again to determine the effect of snow as an insulator, 
snow was removed from part of the background and the ERT recorded for 
both, the exposed and unexposed portions. Figure 13 gives readings 
for objects with the snow removed. The very high ERT readings «it 
1000 are due to high incident solar radiation. Comparing the snow 
ERT readings and the animal ERT readings, it is evident that the 
animals were significantly warmer than the snow at all times on this 
day although the antelope ERT did approach the ERT of the snow at 
1800. The probable reason for this is that snow was falling at this 
time and snow collected on the antelope's back. A cloudy day with a 
snow backgraand might be ideal for detecting these big game animals 
with an infrared scsinner. 
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Devlat ion of ERT of Animals from Background ERT 
In order to investigate more fully the relationship of the 
animais EET to the background ERT, graphs were made using mean back­
ground values. These mean background ERT's were obtained by averaging 
the six or seven typical background objects' readings. On the graphs 
(Figures 14 through 22) this value is represented as zero. In these 
figureŝ  the extremes of variation in background objects is also 
plotted. Thus these graphs present a good description of background 
variation. Then the animal ERT values minus the mean background ERT 
were plotted for comparison to give the relative temperature differ­
ences for the ariimal and background. For example, on February 2nd and 
3rd̂  at 2200,-the lowest background temperature was 1,4°C below the 
mean backgrooad temperature, and the highest background temperature 
at 2200 was 1,8°C above the mean background temperature. At this same 
time the bisom averaged 6.3̂ 0 above the background temperature, or 
4,4°C above the highest background temperature. 
In Figures l4 through 22, the animal values were obtained by 
taking the average of the five readings recorded each hour. Tables 10 
through l8 indicate the variability in these measurements. An asterisk 
indicates a time that the lowest animal ERT went below the highest 
background temperaturê  l.e,, a time at which the animal would not be 
distinguished through infrared scanning. 
On Figure 1̂  (February 2nd and 3rd) the erratic nature of the 
ERT plots for the animals from 1200 to l600 suggests instrument mal­
function, New batteries had just been inserted. At O5OO the antelope* 
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extreme low ERT' was equal to the extreme high "background ERP (tree 
foliage). On the whole, however, the consistently cloudy night with 
relatively stable air temperature, even with an occasional breeze 
would seem to be in general a good time for use of an infrared scanner 
to detect big game animals in that a 2°C temperature difference between 
the animals and the highest background can be relied upon. 
Cta February 11th and 12th (Figure 15) there are only a few in­
stances where the animal's ERT is lower than the background ERT. 
Again, the only object in the background which was warmer than the 
animals was the tree trunk and foliage (see Table ll). Since it was 
consistently a cloudy period (except OkOO), the wind probably caused 
the animal temperatures to drop below the highest background tempera­
ture. At 0400, when the sky was clear, the antelope's ERT was lower 
than the background ERT. This period, in general, seemed suitable for 
the use of an infrared scanner to detect big game, except for the in­
tervals of high wind or clear sky. 
During February l8th and 19th (Figure l6) the measurements from 
1100 to 1300 were highly variable, presumably due to the fact that the 
sky was intermittently cloudy and clear. The background was snow-free. 
At 0600 the sky was clear, and there was frost on the back of the 
antelopea The lowest ERT of this animal was lower than the highest 
background ERT (tree trunk). This graph includes a good example of a 
time (1100 to 2300) when infrared scanner use for big game censusing 
would be unrewarding because of highly variable cloud cover. 
Haze, also, interferes with accurate infrared scanning. On 
February 25th and 26th (Figure 17) haze did occur. Although there 
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were a few time periods (IJOO to 2000 and 2200 to 2400) when the in­
frared scanner might have been able to detect big game, generally 
animal and background EOT's overlapped or "blended." During the clear 
periods frost formed on both animals and background, except the road. 
The lowest antelope ERT was again lower than the highest background ERT 
(tree trunk), Prom 0800 to O9OO appeared to be suitable for infrared 
scanning. Then, when tne log warmed up, its ERT tended to be higher 
than the deer's lowest ERT (Table I3). 
Figure 18 and 19 ar̂ e both for the time period of March ̂ th and 
5th, during which the sky was clear. Figure I8 uses the mean ERT of 
the snow patch. From 23OO to OJOO, some animal ERT readings were low, 
and frost was observed on the animal pelage, indicating relatively low 
hair temperatures. Some background readings exceeded some of those for 
animals. Figure 19 shows some ERT measurements which would occur durin 
a clear period without snow. The mean background ERT's were taken with 
the snow removed. Every time period has an object in the background 
with a higher ERT than that for some animal. These results indicate 
that a snow cover improves conditions for infrared scanning. 
On March 6th and 7th, there was a thin snow cover background, an 
the animals clearly are distinct from the snow background (Figure 20). 
The sky was clear part of the time (2100 to 2̂ 00 and O5OO and O8OO) and 
cloudy the remaining period (0600 to 0700 and O9OO and 1000). With a 
*rhe ERT measurements of the snow patch had only fractions of a 
degree differences between readings, so no deviation (maximum and mini­
mum) in ERT is given for a snow background. Of course, Figure I8 does 
not represent a canpletely realistic situation since the animal was not 
actually measured against a snow background, the snow patch was some 
distance from the animal. 
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snow covered "background, the animals were distinct under all conditions 
of cloudiness and probably could have been censused by an infrared 
scanner during this period. 
On March 11th and 12th with a snow background during periods of 
clouds the animals were higher in ERT than the snow background (Figure 
2l)o On the other hand̂  snow-free objects in the background during 
this same period (see Table l8 and Figure 22) displayed ERT measure­
ments which were at times higher than those of some animals. 
Either cloudy or clear days with a snow background appear to be 
good periods for infrared scanning, except when the pelage of the 
animal looks white from snow or frost. Then the animal ERT tends to 
be low, often blending with the background. In addition, windy condi­
tions also cause a similar blending. Rain and haze probably interfere 
with effective infrared detection of animals. 
Background objects characteristically reflected the weather 
conditions : during cloudy periods the tree (trunk and foliage) would 
have the highest ERT, during clear periods the roadway and log would 
have the highest ERT. 
Distinguishing Between Animals 
A statistical analysis of the highest and lowest limits of each 
animal's ERT at each Jiour was calculated at the 70 percent probability 
level. This analysis was then evaluated to determine if one animal's 
ERT range overlapped another animal's ERT range. Due to the impossi­
bility of locating each animal at each hour, overlap ERT periods were 
not calculated for all of the 133 hours of measurements, In the final 
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analysis the antelope and deer (A-D) were compared for 99 hours of EBT 
measurements I the antelope and bison (A-B) were compared for 99 hours 
of EFT measurements also; and the deer and bison (D-B) were compared 
for 93 hours of EBT measurements „ Some measurement periods were dis­
regarded because the background ERT measurements were much higher than 
the animal's ERT measurement. These periods were 1100 to 2300 on 
February l8th and 19th (partly cloudy conditions) and 1200 to l600 on 
February 2nd and 3rd (partly cloudy conditions). This represented a 
total of 17 hourso 
Table 2 shows the cases in which there was overlap between 
animalso Overlap of ERT calculated variations between the antelope 
and deer (A-B) occurred most frequently, 30 hours out of 99 measure­
ments o More overlaps occurred between these animals during the period; 
between 2100 and 0800, than at other times. Antelope and bison (A-B) 
had a total of IT overlaps of ERT measurements during the 99 hours of 
comparison, A few hours are significantly free of overlap, 1700 to 
2200. Other hours have one or two ERT measurements which overlap, Th' 
deer and bison (D-E) have a total of l4 hours of ERT measurements whic: 
overlap. The time periods with the ERT measurements which overlap are 
2100 and 0800, The remaining hours, excepting I3OO with one overlap, 
are free from overlapping ERT, 
Antelope and deer had the greatest number of ERT measurement 
overlaps. The antelope and the deer are similar in conformation and 
size, which presumably contributes to their similar radiation patterns 
These overlapping periods were generally during nighttime and the 
cooler part of the day when heating due to solar radiation was minimal 
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From Table 2 it would appear easiest to distinguish between these two 
animals during daylight. 
From the average of the EBT for each animal during the three 
hours from I8OO to 2000, the three animal species showed clearly dif­
ferent ERT means» These were: bison — deer — 
antelope -- 2«8̂ C« However, even though these means were quite dif­
ferent, the variation sometimes overlapped (see Table I9). 
Discussion 
The primary variables in the problem of determining when an 
animal can be distinguished from its background were found to be the 
condition of the background, whether snow covered or not, the percent 
of cloud cover, the amount of wind, precipitation and relative humidity, 
and the air temperature» 
Snow was found to be a significant factor in this study» Snow 
provides a relatively constant background temperature» This effect may 
be demonstrated experimentally by removal of snow from the background. 
Vfhen this was done, the EFT of the background was often higher than 
the animal's ERT» V/hether the snow was 6 inches deep or 1,2 inches 
deep the same relationship between animals and background was noted. 
If it was snowing during the radiometric readings, this did cause a 
lowering of the animal's ERT, since animals will carry snow on their 
dorsal hair surface some time after a snow fall. This event was rec­
ognized a number of times. Snow on the back of the deer and antelope 
was shaken off periodically. The bison would let the snow remain for 
a longer period before it was shaken off or eventually melted. 
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Frost was commonly foxmd on the antelope» Less often frost was 
found on the deer and "bison« Both the antelope and deer would shake 
the frost off. Often it was difficult to determine whether frost was 
present in the hair of these animals. Linsdale and Tomich (1953) have 
noted that nrule deer will shake themselves to rid the hairs of water. 
This was noted for the deer and antelope when the frost melted and 
during rain. The frost on the bison would stay until it melted. Ice 
was observed on the long hairs around the legs of the bison. 
Day and night periods with a high percent of cloud cover pro­
vided conditions more conducive to positive detections, than periods 
with a clearer sky. However, this was not true when haze was present, 
and rain also tended to blend the EKT of all objects. 
Wind was also a factor which modified the EET of the animals. 
Probably wind causes an increase in the percent of sensible heat loss 
due to conduction and convection. A wind here is defined as air 
velocities over 8 miles per hour. Once the wind was over 8 miles per 
hour the lET from the animal was lowered. It was observed the breezes 
from 1 to 7 miles per hour reduced EET readings, but not to as great 
an extent. This result is in line with those of Blaxter and Wainman 
(1964), who observed that a wind velocity over 8 miles per hour caused 
sensible heat losses in cattle. These authors also noted that cattle 
are more likely to be lying down in windy than still conditions. 
Bailey (1958) reported that winds of over 20 miles per hour influenced 
the location of wild mule deer bedding sites. The wind did not blow 
this strongly during the present study; even when the wind speeds ap­
proached 12 or 13 miles per hour the animals did not obviously seek sh( 
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The EKT of the animal was found to vary with the air tempera­
ture, even when the air temperature dropped below freezing. During the 
day animal ERT was generally above air temperature and during the night 
it was generally below it. 
Thus, air temperature, percent of cloud cover, relative humid­
ity, wind velocity, frost, and rain are meteorological factors which 
cause variations in the animal's ERT. The combination of conditions 
best suited for scanning infrared imagery would include a snow back­
ground, clouds but not rain, low relative humidity, and no wind. Under 
these conditions, it seems quite probable that imagery of bison, deer, 
and antelope can be distinguished from the background. 
However, there are other factors that must be considered when 
scanning. Some behavioral and morphological characteristics may have 
significance when infrared scanning is considered. 
There are hair characteristics, some of which were not considered 
in this study, but would pertain to hair-coat insulation properties of 
the target animals. These factors are hair weight, color, depth, 
length, diameter, orientation, bulk density, numerical density, emd 
resistance to separation (Berry and Shanklin, 196I), Quantitative 
measurements of these may unravel some of the reasons for different 
and overlapping effective radiometric temperatures between deer, bison, 
and antelope. The insulating effect of hair increases significantly 
with coat length. For example, the rump of the bison, where hair is 
short, showed the highest ERT measurements found in this study. 
Another factor which is extremely important in determining the 
amount of infrared radiation a body will receive is the angle of 
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incidence of radiation falling upon the body. This was not investi­
gated in this study» 
The beds of the animals were measured occasionally. If the 
animal waa startled from its rest area, a measurement was immediately 
taken of the ERT of the bed. In every case the radiation from the bed 
exceeded the animal's ERT by 1 to 2°G„ The radiation of the bed 
dropped to below the animal's radiation by the end of one minute. 
If there was a snow cover the snow would be melted in the bed. A bed 
of an animal may be mistaken for an animal during a census by an infra­
red scanner. 
In this study animal activity was observed to vary between day 
and night. During the night all three species were seen more often 
lying down than standing or walking. Walking, standing, and feeding 
were common activities for these animals during the day. The deer spen 
more time in the wooded areas during the day than night while the 
antelope were always in the open. The bison was confined at all times 
to the corral so no movement from area to area was possible. 
During a period of precipitation the deer were usually found amo 
the trees, whereas when there was no precipitation, they were found in 
the open. In comparison. Bailey (1958) noted that the mule deer in the 
wild made no attempt to seek shelter during rain or snow. Occasionally 
even the antelope sought cover during rainy periods, but not during 
snowfall. 
During a preliminary measurement of the antelope EET and back­
ground objects ERT at the Bison Range during January, a unique situatio 
occurred. After EfS' was measured the animal began to run and continued 
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to run back arid forth approximately a block's length for two minutes» 
As soon as the antelope stopped running, measurements of the ERT were 
again made. The new reading was identical to the antelope's earlier 
ERTo This event occurred at 1000, January 8, 19̂ 7, in sunlight. It 
seems that such activity would cause an increased body temperature and 
in turn an increased EfE'; however, this was not the case. 
Today much of the infrared imagery is classified and not avail­
able. This is one of the reasons why actual infrared imagery was not 
used in this study. Also before actual scanning for census purposes is 
attempted, it would probably be desirable to obtain a complete spectral 
analysis of the radiation coming from each species, since this will 
influence the detectability of the animal by infrared scanners of a 
given capability. 
Conclus ion 
Antelope, deer, and bison can probably be detected with an in­
frared scanner under certain conditions-. 
Partly cloudy periods either in the day or the night are not 
the best times to distinguish the animal target from its background 
because of the frequent changes in solar radiation reaching the ground. 
When it Is raiding or snowing, or the sky is hazy, the target tends to 
blend with the background so that infrared detection would be hampered. 
Wind similarly causes a blending of animal with background 
readings, 
The best times to detect the animals from their background at 
the Bison Range occurred during periods with a snow background, day or 
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night, with no wind, either a clear or cloudy condition, and no pre­
cipitation present. If there is no snow for a background the best 
time to distinguish the animals from the background is when there is 
a completely cloudy day or night with no wind, no precipitation, and 
no haze present. The hourly time (MST) for infrared scanning will 
have to be predicted according to meteorological conditions. 
To distinguish between species by use of the infrared scanner 
may not be possible, due to the frequent overlapping of EBT between th 
animals. However, other characteristics such as size, conformation, 
habitat and/or behavior, along with the relative ERP may be used to 
distinguish between species. 
Not all the information was available to determine if an infra­
red scanner could actually be used to detect big game. Only the study 
of the trends in the ERP of animals and objects during a limited winte 
period in Western Montana were investigated. 
An assessment of this method would be helped if further inform­
ation were available on: (l) spectral analysis of the radiation from 
each animal, and (2) relative readings under more extreme wind and 
temperature conditions than were encountered in this study. 
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Procedure to Correct Effective Radiometric Temperature 
Due to temperature changes in the reference ambient temperature 
block which houses two thermisters as well as the variation of elec­
trical current within the instrument an exact effective radiometric 
temperature cannot be obtained directly. To minimize the amount of 
error without calibrating the instrument every few minutes, a correc­
tion curve is calculated. The instrument is placed in an environment 
with an air temperature within the range of its normal use. In this 
case the ambient temperature was approximately 0°C, With the instru-
o 
ment registering 0 C, the readings were obtained for the calibration 
curve. 
A Leslie Cube is a 5 inch x 5 inch x 5 inch stainless steel con­
tainer with a recessed black cone and recording thermometer inserted 
into the liquid (alcohol and water) within the cube. The thermometer 
registers the temperature of the liquid within the cube, which is the 
same temperature as the cone. The black recessed cone is fitted to 
receive the sensing head from the radiometer. The temperature of the 
radiometers ® ambient temperature block as well as the change in temp­
erature from the block to the Leslie Cube cone is recorded. The Leslie 
Cube thermometer records the exact temperature of the recessed black 
cone. By comparing the actual temperature of the Leslie Cube with the 
temperature presented by the radiometer, the error in the radiometer 
reading is determined. An example of a typical set of temperatures 
would be: 
Leslie Cube temp. Ambient temp, of radiometer 
10°C 0°C 
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Change temp, of instrument Difference (correction) 
11°C -1.0°C 
From the above measurements, the radiometer is reading an effective 
radiometric temperature which is greater than the Leslie Cube tempera-
O Q 
ture. Therefore, -vdaen the meter registers 11 C, 1 C vill be subtracted 
for correction. 
Not all ambient temperatures were used to calculate calibration 
curves. One curve with ambient temperatures ranging from -1,1°C to 
o 
«1 C was plotted. The instrument retained this correction curve for 
the six weeks of study as checked by work in the field. 
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TABLE 1 
Precipitation and Maximum and Minimum Temperatures for the National 
Bison Range, Moiese, Montana, January 23 Through March 20, 1967 
23 .31 (snow - 1.5) 31 3 
24 24 4 
25 29 9 
26 34 19 
27 49 20 
28 54 32 
29 54 32 
30 48 32 
31 45 20 
February 
1 40 18 
2 47 21 
3 51 30 
4 54 35 
5 56 26 
6 4l 24 
7 42 21 
8 55 17 
9 44 22 
10 48 34 
11 44 26 
12 «10 54 32 
13 48 36 
14 4o 28 
15 38 23 
16 40 26 
17 .04 46 23 
18 42 23 
19 44 21 
20 46 13 
21 43 24 
22 40 IT 
23 47 26 
24 51 19 
25 45 18 
26 51 21 
27 65 19 

























1 53 28 
2 .07 (snow - .5) h3 27 
3 h2 25 
h 45 19 
5 50 16 
6 0O6 (snow - .5) 50 23 
7 38 5 
8 .03 hj 14 
9 .03 (snow - ,5) hi 34 
10 34 24 
11 .40 (snow - 6) 4o 20 
12 .05 (snow - 1) 35 16 
13 38 13 
Ih 40 13 
15 47 15 
16 .08 36 18 
17 52 29 
18 45 27 
19 49 26 


















Comparison of the Overlap Between the Animal' 
® Temperature 































A-D = antelope and deer 
A-B = antelope and bison 



































'^Total hears which both animals were measured: 
A-D = 99 hours 
A-B = 99 hours 
B-D = 93 hours 
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TABLE 3 
Meteorological Conditions at National Bison Range on February 2-3, 19̂ 7 
Air Temp. Humidity Wind Cloud Cover 
Time (°c) i i )  (M.P.H.) m Snow 
1200 6.0 54 2—4 100 
1300 7.0 48 4-6 100 -
1400 T.O 47 2-4 100 -
1500 7.0 50 2-4 100 -
1600 6.0 56 2-3 100 -
1700 5.0 62 3-6 100 -
1800 5.4 56 2-4 100 -
1900 5.5 56 1-2 100 -
2100 4.5 66 0 100 -
2200 4.8 66 2-4 100 -
2300 4.0 68 4 100 -
2400 4.4 67 2-3 90 -
0200 4.0 76 3 100 -
0300 5o5 62 3-5 100 -
0500 6.0 62 0 90 -
0600 5.2 65 5 100 -
0700 4.8 72 2 90 -
0800 5.5 66 4-7 100 -
0900 T.O 55 2-4 100 -


























Meteorological Conditions at National Bison Range 
for February 11-12, I967 
Air Temp. Humidity Wind Cloud Cover 
(°C) iio) (M.P.H.) (̂ ) 
5»0 54 6 100 
4.0 68 4-6 100 
4.5 69 0 100 
i-.O 79 5 100 
à.O 78 4 100 
4.0 75 0 100 
4.0 74 0 100 
3.0 72 0 100 
3.0 76 0 100 
3.0 80 0 100 
3.0 68 5-10 75 
3-0 88 5-9 100 
2.0 78 0 100 
2.5 81 0 100 
2.5 74 1-0 100 
1,0 86 0 50 
2.0 80 2-10 100 
6.0 54 5-10 100 
6,0 54 10-20 80 
6.0 50 8-10 70 
6.0 46 2—6 100 
7,5 43 0-10 100 
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Time 






1100 3.0  35 3-7 70 
1200 3o0 38 2-7 40 «MO 
1300 i^.o 41 4-7 50 -0 
1400 4.0 40 2-8 40 -
1500 3.0 43 6-9 50 -
1600 4,0 37 7 30 -
1700 2.5 46 5-9 50 -
1800 1,0 50 0 100 -
1900 0 59 0 30 -
2000 "1,0 72 0 100 « 
2100 -1.0 80 0 30 -
2200 -3 .0  90 0 100 -
2300 -2.0 90 0 30 — 
0300 -1.0 62 1-4 100 -
o4oo -2.0 78 0 100 « 
0500 -2.0 78 0 100 w 
0600 -2.0 80 0 20 — 
0700 -3.0 84 0 100 <m> 
0800 -2.0 78 0 100 « 
0900 -1.5 78 1-4 100 -





























Meteorological Conditions at National Bison Range 
on February 25-26, 1967 
Air Temp. Humidity Wind Cloud Cover 
Time (^C) (io) (M.P.H,) ($) Snow 
1100 3.0 86 1-3 100 
1200 3.0 76 0-2 100 
1300 ^.0 66 0 100 
lÀOO 5.0 60 0 100 
1500 6.0 58 0 100 
1700 5.0 68 0 100 
1900 4,0 75 0 100 
2000 3.0 86 0-2 100 
2100 4.0 66 0-5 50 
2200 hoO 67 0 70 
2300 3.0 72 0 100 
2400 5.0 66 0 100 
o4oo 1.0 80 0 5 
0500 -1.0 92 0 5 
0600 -2 «0 99 0-3 40 
0700 -3.0 99 0 50 
0800 -3.0 99 0 5 
0900 1.5 72 0 5 











1100 3.5 40 0-2 20 patch 
1200 3.0 44 0 30 
tt 
1300 5.0 38 1-5 50 
ri 
1400 6.0 36 0 30 
TT 
1500 6.0 36 0-3 10 
r? 
1600 5.0 36 1-5 0 
ff 
1700 4.0 36 2-6 0 t! 
1800 2.0 4o 0 0 ff 
1900 2.0 48 0 0 »t 
2000 -2.0 67 0 0 ft 
2100 .4.0 85 0 0 »! 
2200 —6.0 95 0 0 
2300 -5.0 91 0 0 fl 
2400 —6.0 90 0 0 ft 
o4oo -6.0 97 0 0 
i t  
0500 -7.0 99 0 0 
n 
0600 -8.0 99 0 0 
tf 
0700 -8.0 99 0 0 
tt 
0800 -7.0 98 0 0 IT 
0900 -2.0 80 0 0 ?t 
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Meteorological Conditions at National Bison Range for March 6-7, 1967 
Air Temp. Humidity 
Time (OC) (̂ ) 
2100 -5.0 56 
2200 -8.5 81 
2300 -9.8 96 
2400 -11,5 96 
0500 -11.8 99 
0600 -10.2 92 
0700 -8.7 75 
0800 -9.0 80 
0900 -5.1 67 
1000 -4.5 57 
Wind Cloud Cover 
(M.PoH.) (̂ ) Snow 
2-5 0 snow 
0  0 "  
0  0 "  
0  0 "  








Meteorological Conditions at National Bison Range for March 11-12, I967 
Air Temp, Humidity Wind Cloud Cover 
Time (Oc) (%) (M.P.H.) {fj Snow 
llfOO -3.0 82 
1500 0 82 
1600 -1.5 78 
1800 -4.5 86 
1900 -5.0 87 
2000 -5.5 83 
2100 —6,0 76 
2200 -6.0 76 
2300 -7.5 80 
2400 -7.0 80 
okoo -80O 84 
0500 -8.0 83 
0600 -8,0 79 
0700 -8.7 79 
0800 -7.0 77 
1000 —4.0 64 
1100 -3.0 62 
1200 -3.0 60 









3-4 100 " 
2-k 100 
0 100 








The Temperature Difference Between the Maximum Background ERT 
and the Minimum Animal's ERT for February 2-3, 196% 
Max. Background EHT Min. Animal EST Difference 
Time (°c) (°c) (°c) 
1700 6.2 (tree foliage) 7.6 (A)p 1.4 
1800 5.8 f t  f l  7.9 (D)2 2.1 
1900 4.7 (tree trunk) 5.1 (A) .4 
2100 4.6 (tree foliage) 5.7 (D) 1 .1 
2200 4.2 t t  f !  6,6 (D) 2.4 
2300 4.1 t r  11 6.7 (D) 2.6 
2400 3.9 n  r t  6.0 (B)3 2.1 
0200 3.8 r t  I t  7.7 (B) 3.9 
0300 5.6 (tree trunk) 7.8 (D) 2.2 
0500 5.3 (tree foliage) 5.3 (A) 0 
0600 4.5 r t  « 6.7 (D) 2.2 
0700 5.0 f i  r r  7.0 (B) 2.0 
0800 5.4 I I  I f  7.0 (D) 1.6 
0900 6.4 I f  rt 8.5 (D) 2.1 






The Temperature Difference Between the Maximum Background ERT 
and the Minimum Animal's ERT for February 11-12, 196? 
Time 
Max, Background ERT 
(°c) 




1200 5.7 (log) 8.7 (A)l 3.0 
1300 J.k n 10.1 (A)_ 2.7 
1400 11.7 M 12.7 (B)2 1.0 
1500 8.3 ?î 10.4 (B) 2.1 
L600 5.5 tf 9.0 (A) 3.5 
1700 3.8 (tree trunk) 7.7 (A) 3.9 
1800 3.5 (tree foliage) 7.0 (A), 3.5 
1900 3.0 (tree trunk) 5.5 (D)3 2.5 
2000 2.5 »t tl 5.4 (A) 2.9 
2100 2.4 Î! tf 5.5 (D) 3.1 
2200 2.3 n SI 2.9 (D) .6 
2300 4.5 (tree foliage) 3.8 (D) * 
2400 2.6 ÎÎ ft 4.9 (D) 2.3 
0200 2.0 (tree trunk) 5.2 (A) 3.2 
0300 2,3 tf 3.9 (A) 1.6 
o4oo .7 tî tf -1.7 (A) * 
0500 5.2 (tree foliage) 5.6 (D) .4 
o6oo 6.6 !t ft 4.7 (A) * 
0700 6.3 tf !f 5.5 (A) * 
o8oo 5.3 fl ft 7.4 (B) 2.1 
0900 6.4 (tree trunk) 8.7 (A) 2.3 





^Minimum animal SEP below the maximum background ERP. 
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TABLE 12 
The Temperature Difference Between the Maximum Background ERT 
and the Minimum Animal's EBT for February 18-19, 19^7 
Time 
Max, Background EBT 
(°c) 




0300 -.9 (tree trunk) .2 (D)l 1.1 
Oi+00 -lo 3 81 ft .7 (D)_ 2.0 
0500 -loi ff fî 1.9 (B)2 3.0 
o6oo -2,0 ?T ft -4.0 (A) 3 * 
OTOO -1.7 (roadway) -.7 (D) 1.0 
0800 -o9 (tree trunk) 2.3 (B) 3.2 
0900 .1 (lawn) 2.0 (B) 1.9 




M̂inimum animal ERT below the maximum background EKE. 
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TAHLE 13 
The Temperature Difference Between the Maximum Background ERT 
and the Minimum Animal's EET for February 25-26, I967 
Max, Background ERT Min. Animal ERT Difference 
Time (°c) (°c) (°c) 
1100 14.9 (log) 13.4 (B)l * 
1200 13,8 YT 10,5 (B) * 
1300 16.0 ?t 15.2 (B) * 
1400 17.1 16.0 (B) * 
1500 15.5 13.2 (A)% * 
1700 6.0 t t  8.2 (D)3 2.2 
1900 5o3 (rock) 6.5 (D) lo2 
2000 3.9 
tf 6.6 (A) 2.7 
2100 5«9 (tree trunk) 3.5 (D) 
2200 1.7 ?î ft 2.3 (D) .6 
2300 3c 3 
ft ft 5.6 (D) 2.3 
2400 4.0 (tree foliage) 4.9 (D) • 9 
0400 1.1 (tree trunk) -1.8 (A) * 
0500 -1.2 ft ?l -2.4 (A) * 
0600 -1.3 
ft tf 
-3.1 (A) * 
0700 -1.7 n tt -1.7 (D) 0 
0800 .7 (lawn) .9 (B) .2 
0900 13.2 (log) 15.7 (D) 2.5 




M̂inimum animal ERT below the maxiimm background ERT, 
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TABLE Ik  
The Temperature Difference Between the Maximum Background EjRT 
and the Minimum Animal's EKP for March 4-5, 1967 
Max. Background EHT Min. Animal ERT. Difference 
Time (°c) (°c) (°c) 
1100 26.2 (log) 23.8 (B)l * 
1200 16.2 (lawn) 10.8 (B) * 
1300 21.4 (log) 13.4 (A)2 * 
1400 23.0 ÎT 13.4 (B) * 
1500 47.3 
If 17.8 (B) * 
1600 31.6 ÎI 7.6 (A), * 
1700 20.3 (tree trunk) 6.6 (D)3 * 
1800 5.8 




2000 -.2 ÎÎ -5.9 (A) 
2100 -1.6 ?f ii? -5.6 (A) * 
2200 -2.9 (roadway) -8.9 (D) * 
2300 -3.3 (tree trunk) -10.8 (A) * 
2400 -2.8 (roadway) -8.2 (D) * 
o4oo -.8 (tree trunk) -10.6 (A) * 
0500 -4.0 (roadway) -9.0 (A) * 
0600 "3.1 (tree trunk) -6.7 (A) 
0700 "3.9 (roadway) -8.9 (A) * 
0800 .5 (tree trunk) .4 (B) * 
0900 13.1 (log) 5.4 (D) * 
1000 31.3 
Sf 
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T/VBIZ 1'^ 
iemperatuie i-ifference Between the Snow Background ERT' 
and the Minimum Animal's ERT for March 4-5, 196T 
Max. Background ERT 
fSnow) (°C) 
Min. Animal ERT Difference 
Time (°c) (°C) 
1100 -1.6 23.8 (B)l- 25.4 
1200 'loi 10.8 (B) 11.9 
1300 2.3 13.4 (A)2 11.1 
1400 1.4 13.4 (B) 12,0 
1500 .7 17.8 (B) 17.1 
1600  ̂® 3 7.6 (A)_ 7.9 
1700 -1.5 6.6 (D)3 8.1 
1800 2.4 (D) «U 
1900 -5ol -2.9 (A) 2.2 
2000 -7.6 -5.9 (A) 1.6 
2100 -7.5 -5.6 A) 1.9 
2200 "9.1 -8.9 (D) .2 
2300 -9.2 -10.8 (A * 
2400 -9« 9 -8.2 (D) 1.7 
o4oo -10.6 -10.6 (A) 0 
0500 -10.8 -9.0 (A) 1,8 
0600 -10.5 -6.7 (A) 3.8 
0700 "2 08 -8 « 9 (A,B,D) * 
0800 -7.4 .4 (B) 7.8 
0900 - .2 5.4 (D) 5.6 
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TABLE 16 
The Temperature Difference Between the Snow Background ERT 
and the Minimum Animal's ERT for March 6-7, I967 
Time 
Max. Background ERT 
(Snow) (°C) 




2100 -10.3 -8.9 D)̂  1.4 
2200 -14.0 -12.1 A)2 1.9 
2300 -l4.4 -13.5 A) .9 
2400 -14.5 -11.0 D) 3.5 
0500 -11.9 -8.3 A 3.6 
0600 -7.4 -6.3 A) 1.1 
OTOO -9.0 -7.9 D) 1.1 
0800 -8.6 -6,3 D) 2.3 
0900 -4.1 3.3 A) 7.4 





The Temperature Difference Between the Snow Background ERT 
and the Mimimum Animal's ERT for March 11-12, I96T 
Max. Background EET Min. Animal ERT Difference 
Time (Snow) (°C) (°c) (°c) 
1À00 -1.9 1.2 (B)! 3.1 
1500 -.6 8.5 (A)2 9.1 
1600 -2.9 8.6 (A) 11.5 
1800 -k.9 -4.6 (A) .3 
1900 -6.3 -1.9 (A) 4.4 
2000 -6.6 -2.8 (D)3 3.8 
2100 -8.5 -2.9 (A) 5.6 
2200 -7.2 -2.3 (A) 4.9 
2300 -7.7 —2.6 
[AY' 5.1 2400 -8.0 -3.1 4.9 
o4oo -9.1 -5.2 (B) 3.9 
0500 -8.6 -2.9 (B,D) 5.7 
0600 -8.2 -4.3 (B) 3.9 
0700 -8.6 -2.4 (B) 6.2 
0800 -6.7 -.4 (B) 6.3 
1000 -3.2 10.3 (B) 13.5 
1100 -3.1 9.0 (B) 12.1 
1200 -1.2 24.4 (D) 25.6 






The Temperature Difference Between the Maximum Background ERT 
and the Minimum Animal's ERT for March 11-12, 196? 
Max. Background ERT Min. Animal ERT Difference 
Time (°c) (°c) (°c) 
1400 3.1 (roadway) 1.2 (B)l * 
1500 3.6 8.5 (A) 4.9 
1600 1.7 (log) 8.6 (A) 6.9 
1800 -.8 (roadway) -4.6 (A) * 
1900 -1.2 tî -1.9 A) * 
2000 -.9 
fî -2.8 (D)3 * 
2100 -1.4 It -2.9 (A) * 
2200 -1.7 
ft 
-2.3 (A) * 




o4oo -2.7 tt -5.2 (E) * 
0500 -2.5 n -2.9 (B.D) * 
0600 -2.7 !f -4.3 (b) * 
0700 -2.6 n -2.4 (B) .2 
0800 -2.3 
ft -.4 (B) 1.9 
1000 9.6 (log) 10.3 (B) • T 
1100 14.3 ir 9.0 (B) * 
1200 20.6 tf 24.4 (D) 3.8 
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TABLE 19 
Average ERT for Bison, Deer, and Antelope Between 
(1800 and 2000) During Each Study Period 
Average Temperature of the Animal 
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